Chemical cues allow prey to avoid predators without direct contact, which may greatly improve chances of survival, but may be costly if threat is overestimated. Hence, the threat-sensitive predator avoidance hypothesis predicts that prey response to predation threat cues should match the level of danger posed by the predators. While the behavioural response of prey to chemical cues betraying the presence of predators has been observed and well documented in numerous taxa, few studies have been carried out on terrestrial gastropods, despite olfaction being their primary sense. In a previous study, the authors found that the slug Deroceras reticulatum, which inhabits wet environments, responds to chemical cues from specific groundbeetle species. In order to determine whether this observation can be extended to other species of terrestrial gastropods, we examined the response of the xerophilous land snail, Xeropicta derbentina, to the presence of chemical cues from several predacious ground beetles (Carabus auratus, C. auronitens, C. nemoralis, C. coriaceus and C. morbillosus). Only C. morbillosus, a potent snail-eater from sunny habitats, significantly altered the snails' choice of climbing area whereas, in another experiment, it did not modify the shelter choice of the slug D. reticulatum. These results are consistent with a species-specific perception of predation threat in terrestrial gastropods, which may be based on a combination of ecological and biological features in both predator and prey.
INTRODUCTION
The pervasive effects of predation can be measured through the great diversity of specific adaptations (of morphology, physiology, behaviour and life history) encountered in animals, testifying to the pronounced influence of this selective force on their evolution (Lima & Dill, 1990; Kats & Dill, 1998) . Since virtually all animals are susceptible, at some point in their lives, to be preyed on by others, defensive mechanisms in the animal kingdom are both common and diverse (Edmunds, 1974; Sih, 1987; Relyea, 2005) . Nevertheless, avoidance of predators remains the surest method of self-preservation.
From this perspective, fine-tuned sensory modalities are essential for obtaining reliable spatial and temporal information on local predation risks. Visual and mechanosensory systems, such as the highly specialized cerci found in cockroaches and grasshoppers (Camhi, Tom & Volman, 1978; Comer & Leung, 2004) , can provide accurate messages within those dimensions. However, their operating mode presents intrinsic risks, since it often requires proximity to the predator (Brown & Magnavacca, 2003; Brown, Poirier & Adrian, 2004) . In contrast, chemical cues, though temporally and spatially less reliable in this context, may be advantageous as they are effective even without direct interaction with the predator (Kats & Dill, 1998) . Ubiquitous in the animal kingdom, chemical cues are thus useful tools for helping prey make decisions in risky situations of predation.
Prey response to chemical cues from predators usually involves switching between vital behaviours unrelated to defence (e.g. grooming, feeding, reproduction) and the need to avoid the predator (Helfman, 1989) . It commonly involves an increase in the use of shelters, a decrease in locomotor activities and the avoidance of areas containing predator chemical cues (Lima & Dill, 1990; Wisenden, 2000; Apfelbach et al., 2005) . However, responding to predator odours can come at a price, as prey may lose opportunities to perform beneficial activities, such as foraging and mating (Lima & Dill, 1990; Forsgren, 1992; Godin, 1995; Lima, 1998a,b) . Since predator avoidance has a cost, selection pressure should favour individuals that can discriminate between predators that pose a threat and those that do not (Helfman, 1989) . In this framework, the threat-sensitive hypothesis (Helfman, 1989) postulates that prey response to predatory threat should match the level of danger posed by the predator. This adoption of defensive behaviour in proportion to the perceived risk has been well illustrated in aquatic environments (Chivers & Smith, 1998; Ferrari, Sih & Chivers, 2009 ). For instance Brown et al. (2011) showed that juvenile rainbow trout display stronger antipredator behaviours to a predatory fish closely related to the harmful pumpkinseed sunfish, the longear sunfish, than to the harmless species rock bass and yellow perch. In terrestrial environments, this phenomenon has also been described, but to a lesser extent. Webb et al. (2009) and Webb, Pike & Shine (2010) showed that velvet geckos display generalized antipredator responses in the presence of chemical cues from both predatory and nonpredatory snakes. The authors suggest that this generalized response is adaptive to geckos in environments where encounters with various snake species (both dangerous and harmless) is frequent, because the cost for avoiding a nondangerous snake species is offset by the cost of not responding to a dangerous snake species.
However, when antipredator behavioural responses come with high energetic costs for the prey, generalized threat-sensitive responses may be inappropriate. This appears to be the case for terrestrial gastropods for whom locomotion is a major source of body-water loss (Cook, 2001) . Studies have demonstrated that both land-snail and slug species (Armsworth et al., 2005; Lefcort, Ben-Ami & Heller, 2006 ) move faster and spend more time moving when exposed to chemical cues from predatory ground beetles. These avoidance behaviours imply an increase in mucus production for locomotion and therefore an increased loss of body-water content. Under these circumstances and in order to optimize energy allocation, the threat-avoidance hypothesis predicts that terrestrial gastropods should adopt such costly behaviours only when exposed to a high risk of predation. This implies that they should respond to specific, dangerous predators rather than to a broad range of potential predators, because responding to harmless predators may represent an unnecessary cost. An experiment by Armsworth et al. (2005) investigated the antipredator responses of the slug Deroceras reticulatum (Müller, 1774) to chemical residuals left by the generalist ground beetle Pterostichus melanarius and demonstrated that D. reticulatum avoided areas containing these chemicals. However, as stressed by the authors, it is not possible to determine if the antipredator behaviours displayed by the slug were specific responses to P. melanarius or if they can be generalized to every predatory carabid beetle species.
More recently, Bursztyka et al. (2013) showed that predatornaive D. reticulatum avoided shelters scented with chemical cues from predatory ground beetles of the genus Carabus that exhibit a pronounced malacophagous diet, but not those scented with cues from generalist Carabus species. These results indicate that terrestrial gastropods may only respond to specific predatory ground beetles, but do not give any insight into the degree of this specificity. Indeed, all malacophagous ground beetle species may not pose the same threat to all terrestrial gastropod species. Carabus is a large genus, comprising more than 800 species found in various habitats, from wet deciduous forests to dry open ground (Brězina, 1999; Turin, Penev & Casale, 2003) and the diets of a large proportion of these species include terrestrial gastropods. Likewise, terrestrial gastropod species occupy various habitats; slugs are mostly adapted to wet environments, whereas some snails can survive in dry environments. Hence, terrestrial gastropods may not respond to the same predators, since they face different predation risks linked to the ecological and behavioural traits of both predator and prey (Stapley, 2003; Cox & Lima, 2006) . Therefore, if terrestrial gastropods respond only to specific predators in order to avoid costly and unnecessary antipredator behaviours, they should only respond to predators that pose a significant threat-those that hunt for terrestrial gastropods and live in similar habitats to their own.
In order to clarify threat-sensitive perception in terrestrial gastropods, we investigated the response of a snail adapted to dry environments to chemical cues from various ground beetle species. We used Xeropicta derbentina (Krynicki, 1836), a snail of open and dry habitats, native to the eastern Mediterranean (Bulgaria, Caucasus, Croatia, northern Greece, Romania and Turkey), that became invasive in Provence after its accidental introduction in the late 1940s (van Regteren Altena, 1960; Labaune & Magnin, 1999) . This xerophilous species displays a typical self-maintenance behaviour when falling on hot ground, known as the climbing reflex (Labaune, 2001; Aubry et al., 2006) : it quickly becomes active and climbs the nearest vertical surface. It is also believed to act as an antipredator behaviour against ground beetles, which are largely unable to ascend vertical objects (Van der Laan, 1975; Lefcort et al., 2006) . Modifications in the expression of prey selfmaintenance behaviours, such as choice of resting, retreat or food site (Stapley, 2003; Webb et al., 2010; Bursztyka et al., 2016) , induced by chemical cues from predators are good indicators of the threat level perceived by the prey, because they generate biological costs (Kats & Dill, 1998; Lima & Bednekoff, 1999; Sih, Ziemba & Harding, 2000) . Thus, we hypothesized that, given a two-choice test, X. derbentina would avoid vertical roosting sites treated with cuticular extracts (Bursztyka et al., 2013 (Bursztyka et al., , 2016 ) from the ground beetles that are likely to present a significant threat, but not from the harmless ones. Five predatory ground beetle species were selected based on their ecological habits and diets: Carabus auronitens, C. auratus, C. nemoralis, C. coriaceus and C. morbillosus. Carabus auronitens and C. auratus occur mainly in forests and damp open habitats in western and central Europe and are not gastropod specialists (Turin et al., 2003) . Carabus nemoralis is found in shaded habitats such as parks, gardens and hedgerows and is a malacophagous species with a marked preference for slugs (Turin et al., 2003; Hatteland, 2010) . Carabus coriaceus is a snail crusher, rather thermophilic but with a preference for cool mixed or pine forests and hedgerows (Sturani, 1962; Turin et al., 2003) . Lastly, C. morbillosus is a snail eater (Casale, Sturani & Taglianti, 1982) found in sunny, open habitats with environmental conditions similar to those of X. derbentina.
We predicted that C. auratus and C. auronitens would not represent a threat to X. derbentina, due to their respective diets and habitats, hence the snail would not avoid roosting sites treated with their cuticular extracts. Carabus nemoralis and C. coriaceus may pose a moderate threat, since they are terrestrial gastropod specialists, but they occupy distinct habitats from that of X. derbentina. In contrast, C. morbillosus was regarded as a serious threat to X. derbentina, because it both hunts snails and lives in habitats very similar to that of X. derbentina. It was thus expected that X. derbentina would avoid roosting sites with chemical cues from this ground beetle. In order to test the assumption that terrestrial gastropods respond to specific predators that are most relevant in terms of diet and habitat, we compared its responses to ground-beetle extracts with those of the slug D. reticulatum which, as a slug from damp cultivated areas and meadows in temperate climates, has ecological features opposite to those of X. derbentina. We tested the response of the slug to the cuticular extract of C. morbillosus, using the two-shelter choice experimental design described by Bursztyka et al. (2013) . It was predicted that C. morbillosus, a snail eater that inhabits dry and open habitats, would not affect the choice of shelter made by this moisture-loving slug. This additional experiment was not performed with cuticular extracts from the other ground beetle species, because the response of D. reticulatum to these is already known (Bursztyka et al., 2013) . In this previous experiment, D. reticulatum avoided the shelter treated with the cuticular extracts from C. nemoralis and C. coriaceus, but not that treated with extracts from the other ground-beetle species.
MATERIAL AND METHODS

Snails
The first experiment involved Xeropicta derbentina, a small species with a shell width of 7-12 mm and diameter of 12-20 mm. Identification was confirmed by examining the reproductive system as described by Bonavita (1965) . A stock of about 800 snails was established in late September 2013 to provide each replicate with fresh individuals. The snails were gathered by hand using laboratory gloves, from the wire mesh fencing surrounding the Research Institute in Semiochemistry and Applied Ethology (IRSEA, Saint-Saturnin-lès-Apt, ProvenceAlpes-Côte d'Azur, Vaucluse, France; decimal degrees coordinates 43.931178, 5.382027). They were then stored in a screened cage (50 × 30 × 30 cm) placed outside and fed ad libitum every day with fresh lettuce leaves.
Slugs
The second experiment was conducted using Deroceras reticulatum. The slugs were collected from organic grassland and provided by Arbiotech (ZAC des Bretins, Ille-et-Vilaine, Brittany, France; (48.156989, −1.833267) in early February 2014. They were stored in Pyrex® glass dishes (25 × 20 × 8.5 cm) in a climatic chamber at mean temperature (± SD) 11 ± 0.5°C and relative humidity 75 ± 5%, under a light/dark cycle of 11/13 h (light on 09.00-20.00). The weight range of slugs was 0.2-0.4 g and mean length (±SD) 35.3 ± 2.2 mm.
Ground beetles
Carabus coriaceus was captured alive in autumn 2012 in hedgerows near IRSEA. Carabus auratus and C. nemoralis were captured in the spring of 2013, in a garden in Castellet (Vaucluse, France; 43.837564, 5.478628 ) and in deciduous forests near Rennes-lesBains (Aude, France; 42.925857, 2.317369) respectively. Carabus morbillosus was caught in garrigues near Fréjus (Var, France; 42.925857, 2.317369) and C. auronitens in a deciduous forest at Montagne Noire (Pradelles-Cabardès, Aude, France; 43.414813, 2.443719) in late winter 2013. All ground beetles were housed either in couples or individually, if only on sex was available, in plastic boxes (22 × 13 × 9 cm) and placed in a climatic chamber (20 ± 0.5°C and 70 ± 2% RH) with a L/D cycle of 9/15 h (light from 08.00 to 17.00). They were fed every day with X. derbentina, collected in the vicinity of IRSEA.
Preparation of stimuli
The methodology employed to prepare stimuli from cuticular extracts was similar to that described by Bursztyka et al. (2013) . Male ground beetles were not available for each of the selected species, thus stimuli were only prepared from females. Armsworth et al. (2005) observed no difference in responses between sexes of Pterostichus melanarius. One female from each ground beetle species was placed in a separate clean glass beaker for 48 h to eliminate any residues present in the digestive tract. To avoid the release of defensive secretions, the ground beetles were transferred into a new clean glass beaker and placed in a refrigerator at 4°C for 4 h to induce a state of torpor, when they were then placed in a freezer at −80°C for 4 h. Once dead, each ground beetle was placed in a separate glass vial filled with a volume of pure ethanol (99.8%), so as to achieve 20 ml of ethanol per gram of live weight. These stock solutions were stored at 4°C and gently shaken twice a week for 2 weeks, after which the ground beetles were removed from the vials using clean metallic forceps. Working solutions consisted of 2 ml of each stock solution in new clean glass vials, which were stored at 4°C for the duration of the trial. Pure ethanol served as the control solution.
Climbing choice trials with Xeropicta derbentina
The aim of this experiment was to evaluate whether the presence of ground-beetle cuticular extracts could alter the snails' climbing behaviour. The response of the snails was assessed through a choice test between two vertical surfaces, one treated with one of the five cuticular extracts or a blank (a piece of Whatman paper alone) and the other with the control (pure ethanol).
Six devices, one per treatment, were made from 2,000 ml Pyrex ® glass beakers (24 cm high, 12 cm in diameter). The inner surface was divided into two equal halves, hereafter referred to as climbing areas, by application of a 5-cm wide strip of liquid polytetrafluoroethylene (PTFE) polymers (Fluon ® ). Fluon is a potent chemical fence used against numerous invertebrates, including terrestrial gastropods (Symondson, 1993a) , and has no side effect on the behaviour of the tested animals (Armsworth et al., 2005) . The beaker's spout served as the starting point for the strip of Fluon. Because beakers were inverted, the spouts formed a small hole where snails might escape; these were obstructed using a piece of flexible plastic covered with Fluon (Fig. 1) .
A strip of Whatman paper (13 × 2.5 cm, grade 1) was fixed on the inner side of the upper edge of each climbing area, bounded by the strip of Fluon, with translucent tape applied over a width of 5 mm along the length of the Whatman paper strips (Fig. 1) . The Whatman paper served as surface for cue deposition. We applied 100 μl of either a cuticular extract or control (pure ethanol) uniformly on the exposed 26 cm 2 surface of the paper. Excess ethanol was left to evaporate at room temperature (20°C) for 12 min. Snails weighing between 0.3 and 0.6 g (mean weigh 0.46 ± 0.13 g) were selected and their shells washed with tap water before being dried with paper towel and coated with Fluon (no toxicity was observed) to prevent phoresis between the snails, which would otherwise have biased the results. Groups of 10 snails were used for each trial. The ten snails were deposited on the middle of the plasticized side of a piece of cellulose pad (16 × 16 cm, Hartmann Molinea® Plus underpads) and the beaker placed upside-down so that the snails were equidistant from each climbing area at the beginning of the trial. A total of 12 replicates were performed for each extract or blank, using 720 snails. Each replicate lasted 15 h, corresponding to an entire night, from 18.00 to 09.00 the next morning. If no snail had moved to either side of the beaker, the replicate was discarded from the analysis. The allocations of the treatments for the climbing areas were assigned so that beakers were reversed between replicates, in order to avoid biases from both the position of the treatments and the beakers. After each replicate, the beakers were thoroughly washed with hot water and detergent before being dried for 2 h at 500°C to remove all trace of Fluon and snail trails.
Shelter choice trial with Deroceras reticulatum
The two-choice experimental procedure was as the same as that used by Bursztyka et al. (2013) . Each experimental chamber was built from plastic boxes (Dutscher, ref. 017001) to make an arena with three equal parts, the bottom of which was lined with a moistened cellulose pad (Hartmann MolineaH® Plus), comprising a lit area with a dark shelter on either side. Two arenas were employed at the same time, one treated and one blank arena. 100 μl of treatment, either cuticular extract from C. morbillosus or control (pure ethanol), was applied to a strip of Whatman paper (1.5 × 9 cm, grade 1) and one strip placed at each shelter entrance in the treated arena. The shelter entrances in the blank arena received either 100 μl of control (pure ethanol) or nothing (paper alone). Single, large, satiated slugs weighing between 0.2 and 0.4 g (determined as described by Armsworth et al., 2005) , were used once only for each of the 22 replicates carried out for each treatment. Two sets of replicates were performed during the morning from 09.00 to 12.00, in a control chamber at 13.5 ± 1°C and 75 ± 5% relative humidity. A single slug was placed in the middle of each arena, parallel to the shelter entrances, under a red light to reduce the risk of premature initiation of activity. A white light was then switched on (6,500°K, 1,000 lumens) to prompt slugs to seek shelter and their movements were recorded by video for 1 h, using a digital camera (JVC HD Everio GZ-HM446). Both the positions of treatments and controls as well as of the arenas themselves were reversed between replicates, and the devices were thoroughly washed with detergent and dried at room temperature for 24 h before reuse. Replicates in which slugs did not make a choice were not included in the statistical analysis.
Data analysis
A paired Student's t test was used to compare the mean numbers of snails present in each climbing area, either treated, blank or control. The responses observed between the different treatments against the control were also compared using a one-way ANOVA.
Based on the video recordings of the slugs' movements, a Wilcoxon matched-pairs signed-ranks test was used to compare the mean percentage of time spent in each shelter (treated and control) over the duration of a replicate and the total time spent sheltered.
All the data analyses were carried out with Statistica v. 10.0 software and the significance threshold was P < 0.05.
RESULTS
Climbing choice trials with Xeropicta derbentina
The number of X. derbentina found on the climbing area treated with cuticular extract from Carabus morbillosus was significantly lower (P = 0.019, df = 10) than the number found in the control area (Fig. 2) . In contrast, there was no significant difference between the number of X. derbentina present on the climbing area treated with cuticular extracts of other carabid species, or between the blank and control. However, the one-way ANOVA did not reveal significant differences between the treatments (F 5.57 = 0.37, P > 0.8).
Shelter choice trial with Deroceras reticulatum
Statistical analyses were conducted using 19 replicates with the cuticular extracts and 20 replicates with the control. The mean times spent sheltered in either the treated or blank arenas were not different (77.6% and 79.6% in the treated and the blank arenas, respectively; Fig. 3 ). There were no significant differences between the time spent in the control shelter vs the shelter treated with cuticular extract of C. morbillosus (P = 0.21, Wilcoxon matched-pairs signed-ranks test; Fig. 3) , or between the time spent in the blank and the control shelter (P = 0.45, Wilcoxon matchedpairs signed-ranks test; Fig. 3 ).
DISCUSSION
As predicted, our experiments showed that chemical cues from a predatory ground beetle species can influence the choice by Xeropicta derbentina of vertical surface on which to climb, an essential part of the self-maintenance behaviour of this snail. Importantly, X. derbentina only responded to chemical cues from Carabus morbillosus, a malacophagous ground beetle that lives in dry biotopes similar to those of X. derbentina. No response was seen in the other ground beetle species.
In our study, the climbing response shown by the snails was rather weak: only about half of the individuals tested climbed either of the two vertical choice areas, while the others remained on the arena floor, failing to make a choice. This may be due to the season in which the experiments were conducted, as the first half of October is characterized by a gradual cooling of the air and an increase in humidity. Autumn is the beginning of the breeding season in X. derbentina and is marked by a peak in its activity (Labaune, 2001) . The snails still climb vertical objects at the end of the night following nocturnal activities at this season (Mazek-Fialla, 1934; Machin, 1968 ), but to a lesser extent than in the case of the climbing reflex (personal observation), i.e. scaling of a vertical object with the purpose of avoiding the hot ground during the summer months (Heller, 1982; Di Lellis et al., 2012) . More explicit responses in terms of the number of choices made between the two vertical climbing areas could have been obtained had the experiment been carried out during the summer.
Nevertheless, the test was strong enough to demonstrate that X. derbentina perceived C. morbillosus as a threat since significantly more snails chose to climb and remain in the control area than on the climbing area treated with cuticular extract from this ground beetle. Climbing vertical objects or vegetation may be advantageous as it allows prey to avoid predators that lack this ability, as is the case for most ground beetles (Turin et al., 2003) . For example, Symondson (1993b) observed that more Deroceras reticulatum moved into lettuce plants when faced with predation threat from the polyphagous carabid Abax parallelepipedus. The xerophilous snail Theba pisana climbed faster up plant stems in the presence of faeces from C. carabus that had been fed on the same snail species; this ground beetle is unable to pursue its prey up into vegetation (Lefcort et al., 2006) .
Conversely, D. reticulatum did not show avoidance of the shelter treated with cuticular extract from C. morbillosus. In a previous study (Bursztyka et al., 2013) , this slug avoided shelters treated with cuticular extracts from C. nemoralis and C. coriaceus, two malacophagous ground beetles that share similar biotopes to D. reticulatum, but did not respond to extracts from ground-beetle species with more opportunistic diets (C. auratus and C. hispanus). It was hypothesized that these last species are not perceived as dangerous threats, since they are not malacophagous and/or occupy different biotopes from D. reticulatum. Hence, from these combined results, it appears that the perception of predation threat in the snail X. derbentina and the slug D. reticulatum (and perhaps in all terrestrial gastropods) fits with the degree of threat posed by the predators they may encounter, in accordance with the prediction of the threatsensitive predator avoidance hypothesis (Helfman, 1989) . In these terrestrial gastropods, serious threat is perceived from predators that have a malacophagous diet and share similar habitats to their gastropod prey. However, observations by Armsworth et al. (2005) might suggest otherwise at first glance. These authors showed changes in the movement patterns of D. reticulatum in response to the ground beetle P. melanarius. This carabid is abundant in crop systems along with D. reticulatum, but is a generalist predator with little ability to consume slugs (Mair & Port, 2001; Oberholzer & Frank, 2003; Paill, 2004) . According to the threat-sensitive predator avoidance hypothesis, it should not be perceived as a threat by D. reticulatum. However, it is possible that the slugs employed in that study may have learned to recognize P. melanarius as a threat, since the individuals were selected from grasslands and wheat fields. This is, for instance, the case in the freshwater snail Physa acuta (Turner, Turner & Lappi, 2006) , in which wild caught snails show stronger response to predator cues than laboratory-reared snails. The present results suggest that X. derbentina responds innately to C. morbillosus, although, individuals were collected in the wild, so they may have experienced a predation event at some point in their lives. However, in the locality where X. derbentina were harvested, only C. coriaceus, C. nemoralis and C. auratus can be found, and the latter two are very infrequent. Hence, although the X. derbentina employed for this study were likely almost naive to ground beetle predation, experiments should be carried out with snails raised in a laboratory to observe the response of undoubted predator-naive individuals, in order to rigorously test this hypothesis.
Though it is clear that X. derbentina responds to chemical cues present in the cuticular extract from C. morbillosus, the motives behind the behaviour are less obvious. Since X. derbentina is abundant, it was used as food for the ground beetles in the experiment. Thus, it is possible that the cuticular extract contained compounds derived from the diet of the ground beetles and that these were responsible for the avoidance behaviour of the snails. This has been illustrated in both vertebrates and invertebrates (Berton, Vogel & Belzung, 1998; Persons & Rypstra, 2000; Apfelbach et al., 2005; Ferrero et al., 2011) . Nevertheless, while all the ground beetles were fed with X. derbentina, only the cuticular extract from C. morbillosus was avoided. Also, Lefcort et al. (2006) have shown that some of the behavioural parameters they observed in T. pisana were still altered in the presence of faeces from C. carabus fed with chicken. In addition, Bursztyka et al. (2013) observed that, despite using ground beetles that were all fed with X. derbentina, D. reticulatum avoided shelters treated with cuticular extracts from specific ground beetles, not all of the species tested. Lastly, D. reticulatum has been shown to avoid chemical residuals from P. melanarius fed with dog food (Armsworth et al., 2005) . These results suggest that chemically mediated assessment of predatory threat in terrestrial gastropods is either independent of the diet of the ground beetles or, at the very least, that predatory ground beetles perceived as a threat have common metabolites derived from a shared metabolic pathway (Ferrero et al., 2011) . Nevertheless, this issue should be clarified by investigating behavioural responses of D. reticulatum and X. derbentina exposed to cuticular extracts and faeces from predatory ground beetles fed with either one or the other of these two terrestrial gastropod species.
In conclusion, the results of the present study indicate that terrestrial gastropods may respond to species-specific threat cues, because the cost of generalized antipredator responses may be too high. Preventative antipredator behaviours in these organisms (apart from direct defences such as mucus production or withdrawal into the shell when attacked by a predator) are largely limited to escaping. Escape from predators may also conflict with vital self-maintenance behaviours, such as sheltering to avoid challenging environments in D. reticulatum or climbing vertical objects to avoid overheated ground in X. derbentina. Therefore, terrestrial gastropods must accurately assess danger by distinguishing chemical cues from nondangerous predators from true threat cues before engaging in avoidance behaviour. Ca (Carabus auratus), Cau (C. auronitens), Cc (C. coriaceus), Cn (C. nemoralis), Cm (C. morbillosus), W (strip of Whatman paper alone). White boxes are control (pure ethanol). *, P < 0.05; n.s., not significant (paired Student's t test). Bars are ±1 SE; n = 11 for Ca, 10 for Cau, 9 for Cc, 11 for Cn, 11 for Cm and 11 for W. 
